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Statement of Problem 
Most high school biology teachers, regardless of the approach, are 
interested in seeing that the students are aware of and. appreciate what 
has been labeled as the scientific method. Many teachers, either through 
lack of training, time or facilities, discuss the problem solving approach 
with the students but give t,he student very little problem solving expe:ri-
enoe. 
The purpose of this report is to see how the developing of an appre-
ciation of scientific method in biology can be accomplished. 
What about the question of developing an appreciation of scientific 
method in Biology? It is probable that the developing of an appreciation 
of this method at best will be a slow and laborious process and, at 
present, it seems doubtful that it can be brought about so completely 
and effectively that the student will comprehend its full meaning and 
applications. This seems partly due to the fact that the teacher's course 
must be f easi ble-i t must be a compromise between what the teacher is 
expected to teach and what he would like to teach. La.ck of time, ove:c-
crowded schoolrooms, lack of facilities, and other factors are partially 
responsible fol' this cond.i tion. The author is confident that the 
justification for the developing of an appreciation of this method lies 
l 
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in the real practical values it contains for the students. 
Si.nee the large majority of high school students do not continue 
their formal education beyond the secondary level, it would seem logical 
to give them a usable technique which contributes to or·ganized thinking 
and provides carry-over into many real life situations. 
Scope and Limitations 
Teachers of science have wholeheartedly accepted this tt'Uly signifi-
cant objective: the student should know and be able to use the methods 
of science in the solution of p1."'0blems. This acceptance, however, has 
not necessarily meant that anything constructive is being done in science 
classes to assure attainTient of this objective by the students. Instead, 
there has been a feeling or a hope that the typical pattern of teaching 
and materials in science courses is sufficient to b:ring about the desired 
results. 
However., just :ceading and talking about science will not effectively 
develop an appreciation of scientific method. Instead, students must be 
p~uvided opportunities for recognizing problems and ways of solving them. 
The teacher must provide the motivation and guide the learning process in 
order to stimulate scientific thinking and to emphasize problem solving. 
Purpose and Need 
A beauty operator was trying to sell a customer an oil permanent. 
It would be much better, she thought. Oil is good for the hair. Gives 
it life. 
"Well, I don't know," said the customer. "I should think it would 
be the worst thing to use with the waving flu.id. I don •t understand 
J 
chemistry, but I just thought they would go against each other, sort of. 
Wouldn 1t oil counteract the fluid ?11 
"Well, I don• ·t know.," re plied the operator. "Maybe it would. 11 Then, 
suddenly brightening, 11 I never thought about permanents that way, being 
chemical, that is. I had chemistry in school back home and I always got 
the highest mark they gave. I like it, but I 1ve never connected it with 
anything outside of school. 11 
"No, 11 agreed the customer, 11 I don 1t really, either. rtrs pretty 
hard to see aXlY connection. n 
"No,n said the operator, "I guess there just isn1t very much 
connection. ul 
Science has 11dug" itself in as a significant pa.rt of everyone I s 
education. True enough, the graduate has taken science courses, but for 
the population as a whole the outcomes are somewhat questionable. Like 
the lady in the beauty parlor, many feel incompetent to apply scientific 
method to everyday situations. 
The outstanding characteristics of biology study are purposeful 
observation and intelligent reasoning, or reflective thinking. The 
student is constantly brought face to face with phenomena the interpre-
tation of which .requires the arranging of data, the drawing of inferences, 
and the formation of judgments. This method is by no means limited in its 
application to a broad range of natural sciences; on the contrary, modified 
to suit various reqUirements, it is characteristic, as well, of some work 
in such diverse fields as the social studies, mathematics, the study of 
-----
1Har:ry O. Lassen., 11The Scientific Method In Use, 11 .School ,,Scienc.§ 
and_Mathe~ L (1950)., 529. 
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ancient peoples (anthropology, archaeology, ethnology), and of the 
structure of languages (grainrna:r, etymology). Inasmuch, then, as it 
finds a place in investigations over such wide areas of hurnan knowledge, 
a mastery of the techniques of scientific method is of extreme i;:npo:r·tance. 
Our nation has three majo:r needs f'o:r citizens adequately prepared 
in science. The most p:r·essing need at the moment lies j_n the tra:;_ning 
of our future scientists. The second need lies in awakening and fostex-
ing interest in science careers ea:dy in the secondary school lives of 
our youth. The third need lies in training a general citizenry which 
can use the elements of scientific thinking in the solution of everyday 
problems of living, whether these problems be individual, community, or 
national in natut-e. It is hoped that by developing an app·reciation of 
scientific method, the students will be better able to fulfill these 
needs. 
Procedure 
The material in this reporl has been gathered primarily for the 
writer's own edification. 
Research on whether an appreciation of the scientific method can be 
taught satisi'actorily will be cited. and those techniques found to be 
successful by the author will be presented in the fonn. of an outline 
giving procedu:r·es for making a course outline in biology. 
Those techniques found useful by the author in teaching an appre-
ciation of the scientific method are discussed under the headings: 
A. The Independent Teacher 
B. Use of Introductory Unit 
C. Correletion With Other Subjects 
D. Selection of a Teaching Philosophy 
E. Use of Laboratory 
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Included at the end is a section containing a selected group of 
materials that might be used in teaching the scientific method and 
scientific attitudes. 
Clarification of Ter.rns 
.Actually., it is d.ifficult to define "scientific method 11 except for 
purposes of gross identification and discourses. Bridgman's famous 
definition of the scientific method is as sound as any in its reflection 
of the myriad things that go on in the activities of the scientist at 
work. He stated., "The sc:Lentific method, as i'ar as it is a method, is 
nothing more than doing one's damnedest with one's mind, no holds bar:r•ed. 112 
2Pau.l W. Bridgman, "Prospect for Intelligence. 11 ~ Be,vJ-ew XXXIV 
(1945), 450. 
PART II 
SOLVING THE PROBLEM 
Review of Research 
How students can best be trained in the habit of applying the 
scientific method as well as developing an appreciation of it will depend 
somewhat upon the way in which the course in science is organized. If 
the teacher is su.f'ficiently independent in his own thinking and is 
unswayed by tradition of any sort and unhampered by limitations imposed 
by textbook, course syllabi, or pronunciarnentos of the powers that be, 
he may, with his class, blaze a new trail so far as s1lbject matter is 
concerned. He may do this even in spite of limitations, if he feels it 
important enough to take the risk that his pupils, though they may become 
trained in a superior way to use their reasoning powers, may fail at 
times to reach the standards of infonnational accomplishment represented 
by existing syllabi, examinations for promotion, and the like. 
Our independent teacher may, for example, start out by bringing up 
some current incident or some demonstration performed with a minimum of 
explanation, in order that discussi.on may grow out of it. The purpose 
of the discussion is to get pupils to raise questions. He p:t·efers that 
the question raising be done by the pupils, f'o:r· several reasons: (1) he 
wishes them to get the problem-raising habit; (2) he wishes his class to 
be natural in their responses, investigating those problems which they 
6 
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really want to know about rather than others imposed upon them; (3) he 
wishes to develop initiative, cooperation, and self'-dependence on the 
part of his students. It may be that at times he will have to help 
along with problem questions of' his own asking, but he will then encourage 
his pupils to adopt them. as their· own, and to fotm.ulate their own plans 
of attack in solving them • 
.All questions raised are carefully noted. Perhaps some are answered 
at once by other members of the group in a way that will fully satisfy 
the questioner·; others .may foun the basis i'or investigation and repo.rt 
by an ind.i vidual Ot' small group; the remainder serves as a basis for 
further class planning and work. 
It will be noted that in such a setting the usual steps in problem 
solving are present, once the problems are defined. In addition, as fast 
as the class is able to do so, it is given a part in determining proce-
du.res to be i'ollowed. 
Use oi' Intr'Oducto.ry Unit 
Maurice Bleifeld states that one method used to accomplish these 
objectives is by using an int:roductory unit devoted to showing how many 
scientists have contr·ibuted to our present knowledge of biology.l 
In this introductory unit, an attempt is made to give an under-
standing of the varied methods of science, as illustrated by the work 
of several scientists. Each scientist being selected because he exem-
plif'ied a particular method of' science. '.l'his 1mit would tend to point 
4Yiaurice Bleif'eld., 11Developing .An .App:r'€oiation Of Scientific 
Method In Biology," Science ~hin,,g ~ II (1955), 6-.g. 
to the fact that there is no one scientific method; but that there are 
many scientific methods. 
The scientists that could be selected., and the methods illustrated 
by theit· re search, a:re as follows :2 
.Alexander :B'lem.ing--Insight shown in an accidental occurence. 
Walter Reed--Importance of controlled experiments. 
Frederi.ck Banting--Reliance of scientists on the work of 
predecessors. 
William Harvey--Direct observation and experimentation rather 
than reliance on ancient ideas. 
Roy Chapman 1:.ndrew s--0:rgani zation of extensi. ve expeditions to 
gather evidence. 
Charles Darwin--Patient observation over a long period of time. 
Anton van Leeuvenhoek--Construction of one 1s own tools. 
The pedagogical procedm.~es used in this unit incorporates such 
acti vi ties as committee work, lib:cary lessons, and field trips. In 
add:l..tion, as each scientist is studied, suitable activities are taken 
up concurrently to exemplify a particular phase of wol.~k. Thus, labora-
tory lessons, demonstrat:ions, field trips, and visual aids are used at 
appropriate times. 
In order· to synthesize the objectives of this introductory unit, 
the methods utilized by each scientists, and h1s contl.~ibuti.ons are 
sun11Uar:i.zed. This is followed by a t:t'ip to the school library in which 
each student is permitted to read about any scientist he chooses. 
Throughout the unit, students should realize that scientists of' different 
nationalities made contributions of benefit to mankind as a whole. 
2rbid., p. 7. 
In later units dealing with disease, ho:rrnones, circulation, 
evolution, and cells, there can be or should be frequent reference to 
the topics covered in the introductory unit. By llSing a unit of this 
type, the students will have a chance to learn about the methods of 
scientists directly, as well as indirectly, by following in their 
footsteps. 
Later lessons could be specifically planned to promote the use of 
the elements of the scientific method. Such a lesson would p:rovide:3 
1. A review of previous learnings and their application in a 
situation which requires analytical and creative thinking. 
2. .An appropriate opportunity to 11do science II and to experience 
an enriching, motivating activity. 
3. An opportunity to use the following elements of scientific 
method and scientific attitude, although not labeled as such, as the 
tenth year level of ability and understanding: 
A. Verifying one's own work by considering the trials of 
others who are doing the same thing. 
B, Suspending judgment. 
9 
C. .Accepting the results of the exercise of one's own powers, 
instead of those of authority alone. 
D. Proposing hypotheses. 
E. Gathering data for the testing of hypotheses. 
F. Summarizing the data. 
G. Selecting the best conclusion when the safeguards are 
unde-rstood. 
This type of lesson is motivating and allows the pupil to use what 
he has learned and understood earlier to reach new levels of accomplishment. 
~lton lesse-r, "Providing For The Teaching Of Some Of The Elements 
Of Scientific Method," .SQ~DQ~ .Teaching Idfila§ II (1955), 11-12. 
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Correlation With Other Subjects 
Warren J • .Anna believes that biology in itseli' is interesting to the 
majority of students, but when a little ga:r·nish is added, what can be done 
defies the imagination. 4 It is taken for granted that the biology room 
should have many displays of' the 11f'lora and fauna, 11 but the:r:·e are many 
dii'i'e:r:"ent ways in which biology may be co:i.0 related wlth the other subjects 
in a school cur·rtculum. Let I s take seve:r·al cases: 
The school libt'ary--t~cy running a general-interest display in the 
library for students who do not come in contact with biology in their 
courses. Set up a skeleton with proper labeling, as an interest catcher·, 
zoological specimens and charts, botanical specimens and charts, and 
several other d:l.splays. Find in the school libr·ary books and magazines 
whose subject matter is biological in nature and display them in an 
inte.resting fashion in your classroom. Then illustrate each of these 
books and magazine articles wlth a specimen to signify the title of the 
book or to show an impo:rtant detail of the story. 
Your bulletin board--i t is easy to i'ind enough material in newspapers, 
magazines, and pamphlets on biological subjects and. interest to keep a 
lively bulletin boa.ro display before your students. Use the plan whereby 
ever·y other week students in a particular class be responsible for the 
bulletin board. Have a class committee that is responsible i'o:c the boa.ro. 
A display can be found to show correlation between almost any subject 
and biology, if' the teacher is willing to work it out. By worki.ng a bit 
extra, one can dig out the materials that a:r:·e needed and their applications. 
4warren J. Anna, "Garnish Well, and Serve," Clearing House XXIV 
(January, 1950), 305-6. -
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Selection of A Teaching Philosophy 
The good teacher constantly selects from the vast experiences of 
mankind those which may produce desi~able changes in the young people he 
leads. The kinds of experiences he will select should depend on the 
students he teaches, and a knowledge of their gifts and opportunities. 
Unfortunately, in many instances, the kinds of experiences he selects are 
often circumscribed by inadequate training, by poor fac,ilities, by un-
sympathetic administration, by rigid adherence to courses of study. All 
too often, a syllabus or textbook is taught--not the student. 
The acceptance of a teaching philosophy based on the needs and 
interests of students precludes rigid courses of study, inflexible 
teaching procedures, and unsympathetic administration. But it does not 
mean that the experiences around which the cou:i:•se is organized are derived 
entirely from the students I interests. A need is defined as an inter-
action between the student and his community. 
The student 1s pet·sonal problems are -Lmportant, but their solutions, 
be they personal, social, or economic, depends on the community, its 
needs and its interests. The student 1s interests serve as motivations, 
not as an end. 
To be specific, lfr. Syllabus, our teacher who depends on a more or 
less rigid course of study knows what he 1 s to teach before he meets his 
students. When he meets them, he may ask for a definition of biology, 
or ask for a definition of life, o.r· parade the animal kingdo!D. before 
them, or tell them Ju.st what he expects, how he wants notebooks or home-
work done. This is not to say that a syllabus cannot be based on the 
needs and interests of students. But most syllabi are based on what the 
teacher thinks his students' -'Lntet·ests are (on the past, so to speak) 
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and not on the interests of the class he will meet. 
Mr. Needs, our· teacher who wLll plan his wor·k aro1md needs and 
interests, knows several things before he meets his students. He has 
made a study of the community in which his students live. He knows the 
diseases which kill and maim., the need.s and interests of the majority of 
people in the comm.unity and the oppo:rtuni ties available for biological 
experiences. When he meets his students, he meets them as a gu.i.de and 
as an experienced fri.end.. He will ask- 11 What do you want to know?" What 
will they need to know to be fitted for life in their community in this 
world? 
His class, of which he is an important but not the whole part, will 
take a week or so to plan the course of study f'or the term. This friendly 
cooperative planning enables Mr. Needs to gauge the interests and needs 
of his students. He establishes a rapport which Mr. Syllabus usually 
neve:t' attains. .And i.n so doing the students w_i.ll participate in a 
chat'acteri stic activity of the scientist--carefu.l planning to solve 
problems. Mr·. Needs recognizes that there is all the difference in the 
world between teaching subject matter as an end itself' and teaching 
subject matter to solve problems of living in a specii'ic community. 
Use of Laboratory 
Perhaps one of the best ways to develop an appreciation for scienti.fic 
method is by cor:cect use 01· the laboratory. According to Edward W. 
Stefanials, the work in the labo:cato:r·y should precede classroom recitation. 5 
The laborato:i::·y is of little value if it degenerates to the point where ____ ,_. __ _ 
5Edward W. Stefanials, 11Functional SciEntif'ic Method, 11 School 
Science W Mathematics XXV (June, 1950), 2G6-8. 
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students pe:cform expe.rim.ents to find out what they all·eady know. This 
is the case when classroom recitation precedes the labo:r·atory. The 
laboratory shou.ld be a research center, a place where students discover 
principles and learn the laws of sc_;_ence. The student needs to have the 
type of di:r·ections which will lead him to experiment, observe, record, 
discover, and draw conclusions. The nature of the laborato:ry makes it 
imperative that he make several t:eials and arrive at conclusions. There 
should be enough trials to make it possible for the student to generalize, 
and he should be encouraged to make application of the principle learned. 
This application may be a statement of the practical use of the principle 
learned o:c· it might be the analysis of a problem :I.n the laborato:r·y 
involving the same principle. 
Wherever· students get the oppor·tuni ty to meet scientists or to work 
fo:c them, the expe:cience is of value. Students may be sent to Visit 
sc1.ence labot·atories, OT' attend national or state conventions. These 
students can then 1.·epor·t on the acti vi.ties of the scl.entists to their 
classmates., the school pape:t'., and the school magazine. 
One of the most fruitful ways for students to get direct information 
about the activities of scientists is to ask a i'or.::ner· student who is 
majo:i:·ing in biology or· some other science at a university to x·etur·n i':eom 
time to tlme and repo-rt on the activities the:ee. Former students in 
sc.ience training l.0 etur·ning to their previous haunts have a healthy and 
stimulating effect on the student in school, since developing strong 
motivation is still a function of the school. 
Analysis and Synthesis 
Diffel.~ent lists of elements of scientific method have been presented 
by many w:r'iters, any one of which would not be accepted by all. Fu:cthermor'e, 
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the methods, techniques, and mate:rials used by scientists as they work 
are so interrelated that it is difficult to compose in general terms a 
conclusive list of elements of scientific method. 
To attain the objective of d.eveloping the elements of scientific 
method., instructional procedures must p:i:·ovide direct experience in 
problem solving. Indirect teaching will not produce the outcomes 
desired. Teachers recognize that providing such direct experience 
involves a way of living in the classroom. Cnly in a permissive 
atmosphere which encourages students to express f'eelings and stimulates 
curiosity which leads to questions of 11why, 11 11how, 11 and "what, 11 can 
students develop the ability to do .causal thinking and to manipulate 
s:Ltuations necessary for problem solving. 
Many oppo~ctuni ties which stimulate scientific thinking occur each 
day in classrooms. Carefully planned field trips, bulletin board 
arrangements., displays, movies, and careful observation of natural 
scientific phenomena in everyday life encourage students to id.entify 
problems. Teachers lead pupils to identify, clarify, and state problems 
by posing stimulating questions for which there are no ready answers; by 
performing demonst~ations which cause pupils to ask questions and by 
encouraging free discussions rather than by nicely "handing out 11 problems 
to be solved. 
The student who can acquire the ability to apply the scientific 
method. toward the solution of problems he faces is at a d.ecided advantage. 
The specific value obtainable from its use will be in direct proportion 
to the ability of the student to master its pr·actical applications in 
many types 01· difficulties he encounters in everyday li:fe. Cbviously, 
his apprec:Lation of the sc:ientific method as a usable technique cannot 
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come about from the mere ingestion of a few lectures or a few articles 
on the subject. Meaningful use and practice of the method by each student 
is essential. For the teacher who recognizes each student as an unique 
personality, and who tries to teach his students as individuals, the 
pt·oblem of adapting the method to best meet the individual I s needs becomes 
great and the obstacles to be overcome difficult. The teacher can, in a 
very general way, make at least a beginning by utilizi.ng one or more of 
thE: following techniques: 
1. Provide students with a simple explanation of the scientific 
approach and its uses, and provide an opporlunity i'o:r each student to 
practice the techniques in simple ways. 
2. Try to help students to make accurate observations, and group 
these observations into logical conclusions in a variety of situations 
and under a variety of conditions. 
J. Try to develop in students the ability to see things in true 
perspective, and how to relate things to reality and practical living, 
that they may more effectively utilize their newly-gained knowledge of 
scientif'ic procedures more advantageously. 
4. Encourage use of the scientific method in solving problems 
encountered outside the classroom and in other classes. 
Before a teacher can lead students to develop appropriate attitudes 
and habits of thinking, he must know not only what these attitudes and 
habits are and how to use them but, most important of all, he must have 
them himself'. Scientific habits oi' thinking are not acquired by reading 
books, listening to lectures, observing demonstration.:lessons, memorizing 
lists of scientific attitudes or watching other people solve p.-roblems. 
They can be developed mainly by frequent pr·actice of the sctentific 
method. in the solution of specific problems. 
P.ART III 
A PROCEDURE FCR ORGANIZING A BICLOGY COURSE OUTLINE 
This par·ticular outline was established after much time and effort 
was spend in r·eviewing the re search that had been completed on the scien-
tifi.c method, and the ways of teaching an appreciation of this method • 
.After 1ising this outline in the classroom, the author feels that it 
can be recommended as a good p.rocedure to follow in organizing a course 
outline for teaching an appreciation of the scientific method. 
11 A child learns what he exper:Lences: and becomes what he learns. 11 
If this is true, the learning experiences of a child should be taken from 
the emlironm.ent in which he lives. Info:nnation intangible to the child's 
own way of life does not fit into his personality and may lead to confusion. 
Such a confusion brings on :nechanical interpretations and make-believe 
situations which are i':i·orn his environment, it appears that he may act 
more intelligently when demands are made of him now and in the future. 
Students who are given a chance to help in the interpretation and 
attempted solution of their own problems are led, in some d.eg:ree, to 
change their opinions to coincide with those ideals leading toward 
unity, co-operation and fair play in a co~uni ty. The comrnuni ty must 
have the co-operation of all of its members in answering the demand of 
our great society. 
Since the school is one of the agents that aids in the develop.11.ent 
of youth, schools like other agencies in the community, must turn their 
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attention to some of the problems youth encounters, and some of the needs 
peculiar to individuals. So in order that our goals in science might be 
stated in terms of life situations and needs, various techniques are used 
to determine the needs of the group. General info:rmation sheets are 
filled out to get a clearer picture of the studentt's home life, health 
conditions, desi:t'es and problems. 
We attempt to have our science courses consist of a series of units 
which have been selected and organized from subject matter collected by 
students, the teacher, and from other available sources. Efforts are made 
to center these units around the major objectives in the light of the 
pupil's needs. Therefore our general objective in the Biology classes 
is, "Science for Better Living. 11 
Our general way of working has not changed but the instructor has 
found it necessary to make changes along the following lines: 
1. Give more detailed explanations of topics. 
2. Change requirements and procedures of certain units of study. 
3. Give more detailed info:rmation about how to gather material 
for reports. 
Our Way Of Working 
The units in our biology classes are developed around the things 
the group wants to understand and know about. The uni ts are arranged in 
order of greatest importance to the students in that class. Students 
and teacher plan the way of working, the materials to te used, group 
obligations, and due dates. The wa:y of working may look something like 
this: 
I. Planning Period 
A. Pre-planning pe:dod 
B. Motivation pe:r-iod 
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1. Listing immediate objectives for each unit 
2. Listing activities to be engaged in during the study 
3. Organizing the class for work 
a. Group organization 
b. Individual workers 
c. Explanation of duties of groups and individuals 
d. Preparing wd tten report on organization of group 
or individual work to be accomplished 
C. Pupil-teacher planning 
1. Discussion of problems 
2. Working out temporary objectives 
3. Suggesting topics fo:i:· study 
4. Selecting a unit or units 
II. Work Pe:t·iod 
A. Students divide into groups 
B. Groups plan the work to be presented to the class 
1. Groups plan how material will be presented 
2. Securing advice from instructors, the librarian and 
other sources 
3. Working through 
(During this period the instructor offers help to 
individual students and groups in working with the 
material at hand.) 




III. Period of Evaluation 
A. Some form of testing 
B. Results of observations 
C. A discussion period 
D. Summary of work covered 
Topics Listed For Study 




















With the preceding information in mind the teacher plans some goals 
to be reached and important subject matter to be studied. 'l'his information 
is used to plan with the students the work for the year. Plans are flexible 
and may be changed to meet an urgent need either in the environment or 
classroom. 
The units of study may look something like this: 
THE COVERING OF THE HUMAN BODY 
The su)ject was introduced by the instructor. Students were 
motivated to ask questions. After the questions were listed on the board 
the instructo:r:· saw the need for a mo:re detailed study on some questions 
than on others. Study was carried out in this manner: 
I. Introductory period by instructor (Table I) 
A. Review of goals 
B. Connect goals to present subject matter 
C. Int:r:oducing present subject matter 
D. Listing of questions asked by students and teacher 
II. Group work on questions by students 
A. Assigning of wo:r:·k decided by students 
B. Groups to be organized by students with the help of 
instructor 
C. Di vi ding into groups 
D. Preparing for presentation 
1. Research 
2. Drawing 
3. Preparing panel discussions 
4. Other activities 
III. Reporting to the class 
A. Question and answer period 
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B. Explanations by instructor 
IV. Review 
(Stressing important points to be remembered.) 
V. Period of Experimentation 
A. Students may choose experiments selected by the instructor 
or they may select experiments of their own interest. 
(Table II) 
B. .After experiments have been performed in the laboratory 
results are reported to the class. 
VI. Review 
A. Paper and pencil test 
B. Summary of work covered including points to :remember 
C. Evaluation of group work 
Our Objectives in Science Teaching 
The immediate objectives in the units would depend upon the unit to 
be taught at a particular time. Objectives such as: 
1. Helping students to acquire knowledge about the earth l's resources 
and the need for conservation. 
2. Helping students to learn and apply the principles of the 
scientific way of thinking and solving problems. 
3. Acquiring knowledge and skills in experimentation both in the 
classroom and outside of the classroom. 
4. A knowledge of diseases, including symptoms, possible treatment 
and cures. 
5. Helping students to learn about the anatomy and functions of 
the human body. 
6. The relationship between man and his environment, including 
how each one depends upon the other, helpful and ha:r'lilf'ul 
living things. 
And so the objectives may be grouped into four catagories; 
1. The acquisition of information 
2. The development of methods of thinking 
3. The induction and application of principles 
4. The formation of attitudes 
If there is a;ny one thing that the study of science should do for 
the student, it is to produce a scientific attitude toward all problems 
that arise in a changing society. 
TABLE I 
QUESTIONS LISTED BY Sl'UDENTS AND TEACHER 
FOR A UNIT ON THE SKIN 
1. What causes a person to become bald headed? 
2. What causes skin color? Give h:isto:t'ical background. 
3. What do dyes and bleaches do to your hair? 
4. Is it better to use soap on the skin or cream? 
5. What factot·s determine the color and length of the hair? 
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6. What are some of the factors that cause face powder to be desirable? 
7. What is acne? 
8. Where do hair and fingernails come from? 
9. What is dandruff? 
10. Name the layers of the skin. 
11. What is a mud pack? 
12. What causes black heads? 
13. What causes hair to turn gray? 
14~ Why do we perspire? 
15. What are some danger signals of skin cancer? 
16. Does shaving make the hair more like bristles? 
17. What does food have to do with skin? 
18. Why do some people sunburn and othe:r·s dont-_t? 
19. Discuss the care of the skin. 
20. Draw a section of the skin. 
21. Name 5 diseases of the skin., cause, treatment or cure. 
22. What is the function of the skin? 
23. Do your hair and nails continue to grow after death? 
TABLE II 
TESTING CO~TICS 
I. Testing face powders 
A. Materials 
1. Four commercial brands of face powders 
2. Iodine 
3. Test tube 
4. Miscroscope 
5. Slides and cover glasses 
6. Test tube holder 
B. Procedure. Testing for starch in face powder 
1. Place a small amount of face powder in a test tube 
containing 5cc of water 
2. Bring the mixture to a boil 
3. Add a few drops of iodine 
4. Record your results 
5. Repeat procedure for each b.rand 
C. Procedure Number Two. Testing for fineness of texture 
1. Put a very thin coat of each powder to be tested on 
glass slides and place a cover glass over each 
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2. Place the slides under the microscope and observe the 
size of the particles of the powder 
3. Record results 
4. Draw conclusions 
II. .Answer these questions about face powder: 
1. Is starch present in the face powder that you tested? 
2. Is starch desirable or undesirable in face powder? Why? 
3. How is powder manufactured? 
4. Are large or small particles desirable in face powder? Why? 
5. What simple hand test can be made to determine the fineness 
of face powder? 
6. How is the price of a face powder determined? 
PART IV 
SUMMARY AND CONCLUSIONS 
Summary 
Scientific thinking is stimulated and methods of work a:re developed 
when teachers guide students into the solution of problems they have raised, 
rather than relying upon "ready-made answers. 11 
Students may be stimulated to use and appreciate scientific method 
only to the extent that teachers provide for such experiences by "doing 
science" .rather than by just reading about science or by giving direct 
answers to questions asked by the students. To provide this type of 
experience, the classroom becomes a laboratory for solving pr~blems. 
Laboratory group experiences cause pupils to examine causes and conditions, 
to share ideas, and to evaluate diffe:r·ences of opinion, to look for facts 
and evidences, to look fo:r· strengths and weaknesses in their own ideas as 
well as in those of others. As solutlons fo.r stated problems are unde:,-
taken by individuals or small groups of students, skill in the collection, 
analysis, interpretation, and evaluation of data is developed. 
Through this type of experience, students gain an understanding of 
scientific method, and they gain a keener appreciation of the lives and 
works of scientists of the past and present. Just reading and talking 
about science will not effectively stimulate the use of the scientific 
method. Instead, students m.ust be provided oppo:r·tunities for recognizing 
2.3 
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problems and ways of solving them. The teacher must provide the motivation 
and guide the learning process in order to stimulate scientific thinking 
and to emphasize problem solving. 
The wise teacher not only utilizes the possibilities of a natural 
problem and the immediate interest of the pupils, but also recognizes 
and stimulates the natural desire of students to explore, to question, 
to try out or to experiment, and channels eager curiosity into worth-while 
learning activities and organizes the course about these ideas. As a 
result of this, the student will develop an appreciation of scientific 
method. 
Conclusion 
To help high school biology students develop an appreciation of the 
scientific method and its importance in our lives today we should make 
use of a variety of activities. We need to develop the idea that the 
scientific method is not a rigid step-by-step procedure but a pattern of 
behavior that develops when individuals seek the solution to a problem 
in a systematic way, and that, like all patterns, it may be altered to 
fit any situation. We also need to see that every student takes an active 
part in the use of these methods; it is not enough to study about them. 
No matter what pattern or the kind of course adopted, the course in 
biology has its special flavor, and its special problems. 
Biology is essentially a study of living things and things that have 
been alive in the past. It is "living things 11 which give biology its 
special flavor and interest. It is "living things" which also present 
the biology teacher with his problems, for the maintenance of living 
things requires time and care. If the course encourages the young people 
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in his class to take part in studying their own biology, the course not 
only concerns itself with a study of living things, but is alive as 
well--alive with the interests of young people in life and living. 
SELECTED RESOURCES 
This section contains a selected g:i:·oup of materials that might be 
used in teaching the scientific method and scientific attitudes. In 
many issues of the following publications, information on this subject 
to single out articles in these magazines. An interested reade:i:· would 
do well to consult the index issues for recent years. 
MOTION PICTURES 
1. lPW fJ P§.§.~@ gf Sw.n.c.e., Sterling FiL11s, 1951, 30 minutes, 
sound. The scientific activities and discoveries of Pasteur 
from 1856 to 1895. 
2. Ma,dame...QJJ..r:.i.&, Teaching Film Custodians, 1943, 24 minutes, sound. 
Traces the long work of the Curies in separating radium from 
pitchblende. 
J. Nan Allajrn~t Mic:r;:Q.~, Metropolitan Life Insurance Co., 1932, 10 
minutes, sound. The life of scientists engaged in work on 
disease. 
4. l?cience and Supers;Utj.on, Coronet, 1947, 10 minutes, sound. 
Illustrates the use of the scientific method in everyday problems. 
Shows how science disproves superstitions. 
5. Scientific Methods, Encyclopedia Bri ttanica Films, 1954, 12 
minutes, sound. The steps of the scientific method and appli-
cations to real life. Traces the method in the thinking of 
Fleming I s discovery of penicillin. 
6. 11.w.~ the Scientific :Method, Coronet, 1952, 11 minutes, sound. 
Stresses the attitudes so necessary for successful use of the 
scientific method. 
7. What j.~ Sg_iel!~~'l, Coronet, 1947, 10 minutes., sound. Exposition 





Encyclopedias, Biographies and many publications like .SQ1~:Ufig, 
Amfil'ican..,__ Science :Pigest are good sources of historical material. 
1. Great EA.Pements in Biology, Edited by M. L. Gab1·iel and 
S. Fogel, 1955, Prentice-Hall Inc., Englewood Cliffs, N. J. 
$3. 75. 
2. ~-H§..~e.§.s School Health Bureau, Metropolitan Life Insurance 
Company, New York, N. Y. A series of booklets on such men as 
Pasteur, Koch, Jenner and othe~cs. .A series oLfilmstrips is 
also available but it must be specifically asked for. Free. 
J. History of Science Cases for Hi~ Schogl§,, Graduate School of 
Education, Harvard University, Carnb-cidge 38, Mass. The Harvard 
Case Studies on a high school level. Sam.ple copy is free. 
DEMONSTRATIONS AND LABORATORY EXERCISES 
1. Demoruit!'.a:tj,Qn§ in...~1siJlQ.!2., 1958, Texaco Research Center, The 
Texas Company, Beacon, N. Y. Free. 
2. Demonstration Abstracts, Journal of Chemical Education, All of 
the 1957 and 1958 issues to date contain these abstracts of 
demonstrations that have appeared in the magazine in the past. 
3. 11 Qpen-Epd,ed 11 EAl)eriment~, Manufacturing Chemists .Association, 
Inc., 1625 Eye St. N. W., Washington 6, D. C. Thirty student 
guides and one teacher information sheet are available free 
to each school. 
4. S\Werstition to Sq.personics, Manufacturing Chemists Association. 
PROJECTS 
Teache:r·s book is 17¢ per copy and consists of demonstrations. 
The student book is 7¢ pet· copy and consists of exercises on the 
level of general science. 
1. .EI!Qou;r~ng_]'u1,)1~ .. Scientj. st.§: " _Stu<lent _ .ll'.QJ~:ts, National 
Science Teachers .Association, 1201 16th Street, N. W., Washington 
6, D. C. 1954, 50¢ for one copy, 25¢ fot· two or mo:r·e. 
2. ~If Yon Want to do a Science Pr';QJ,eQt, National Science Teachers 
Association, 1955. sa:ne add:t'ess as in 1. 50¢ for one copy, 25¢ 
for two or more. 
J. Science Pxojects as Steppin~ Stones to Careers in Science, 
National Science Teache1•s Jissociation., 1956., same address as 
in 1. F.ree. 
4. .Science Clubs of America; Sponsor Handbook, Science Service 
1719 N. Street N. W., Washington 6, D. C. $1.00 each. 
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5. j'housands of Science ProJect~h Science Service, same address 
as in 4. 25¢ each, 10 copies for $1.00. 
TESTS 
1. Ability to Interpret Readin~ Materials in the Natu1~a1 Scien™, 
Iowa Test of Educational Development; Test 6. Science Research 
Associates, Inc. 57 W. Grand Avenue, Chicago 10, Ill. 
2. J,p_£a.g,§J._fi.e..amm.ng_T._Elst.1- Cooperative Test Division, Educational 
Testing Service, Princeton, N. J. 
J. .Iest gL.Ql:i ti~ T~ng, For grades 7-9. Unive:r·si ty of Oregon 
Press, Eugene, Oregon. 
4. 'I.ut of Application of Principles in Physical Science; General 
~ducation Series. Cooperative Test Division, Educational Testing 
Service, Princeton, N. J. 
5. Test or AP.Plication or Principles in Biolofiy; General Egucation 
Series, Cooperative Test Division, Educational Testing Service, 
Princeton, N. J. 
6. Test of Application or Principles in General Science; General. 
Education Se~, Cooperative '!'est Division, Educational Test-
ing Service, Princeton, N. J. 
GENERAL TEACHING METHODS 
1. Selected Science TeacM Pi Ideas of 1952, National Science 
Teache:c·s .Association, 1953, 1201 16th Street N.W., Washington 
6, D. C. $1.00 to members, $1.50 to all others. 
2. Science Teaching Ideas II, Natio:nal Science 'I'eachers Association, 
same address as in 1. 1955, $1.00. 
J. J3cience Teaching Throuw Problem Sglyini'., National Science 
Teachers .Association, 1956, same address as in 1. $2.00. 
4. Star Ideas in Science Teaching, National Science Teachers 
Association, 1957, same address as in 1. Free. 
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